E
cologists and conservationists share the desire to have healthy and sustainable ecosystems. But many of our society's ecological management activities and policies thus far have not resulted in sustainable ecosystems, and ecologists and conservationists recognize that considerable change in human behavior will be required to achieve that goal. It would stand to reason, then, that ecologists and conservationists would also share a desire for decisionmaking that considers alternatives, such as selectively removing dams, that could result in outcomes beneficial to ecosystems.
Experience, however, shows that decisions on ecological issues often do not include alternatives that could benefit ecosystem health. When they do, such alternatives are often dead on arrival and are not given serious consideration or adequate review. Experiences with local decisions concerning old and obsolete small dams (for discussion purposes, dams 7.6 meters high or less) highlight this problem. Unlike decisions regarding larger dams, which are typically made in a court of law and are based on expert testimony, decisions affecting the future of small dams are usually made in a local "court of public opinion" and involve many stakeholders and decisionmakers, including private citizens and citizen groups, elected officials, government resource agency personnel, and local business interests. While certain individuals or bodies, such as the private dam owner, agency personnel, or elected officials, may have actual legal authority to make the final decision, public support, or lack of it, can make or break a restoration opportunity.
Research shows that this kind of decisionmaking about the future of dams and rivers is often poor. Born and colleagues (1998) looked at 14 dam removal cases in Wisconsin and found that decisions were commonly made with incomplete and inaccurate information and in emotionally charged and divisive atmospheres. These findings support our experiences that the divisiveness of decisionmaking is exacerbated when one or more of the following situations exists: when the idea of removal is new to the community; when the dam poses public safety concerns, thus forcing a quick decision; and when outsiders (e.g., state agency personnel or conservation organizations with representatives not from the area) are involved in the decision process.
Faced with the uncertainty that such circumstances are likely to produce and the need to make decisions, humans commonly resort to psychological shortcuts to help make those decisions (Cialdini 2001) . Such shortcuts include accepting the prevailing social norm as one's own position, adopting the opinion of someone who is similar to oneself and Sara E. Johnson (e-mail: johnson@tu.org GOALS IN THE PUBLIC INTEREST is well liked, or simply digging in one's heels to remain consistent with one's earlier actions or words. These and other psychological principles direct human behavior, generally without an awareness that they are being used.
We are not suggesting that dam removal is always the best alternative; indeed, in some cases, removal of a dam could cause long-term harm to the ecosystem. But because dams can have a profound and often negative impact on water quality, river function, and ecology (Baxter 1977 , Graf 1980 , Petts 1980 , Petts and Pratts 1983 , Williams and Wolman 1984 , Chien 1985 , Andrews 1986 , Ligon et al. 1995 , Power et al. 1996 , Hadley and Emmett 1998 , Brandt 2000 , Graf 2001 , Magilligan and Nislow 2001 , decisionmaking about dam removals should be improved. In an improved process, alternatives (such as selective dam removal, where it might benefit the ecosystem) should be considered and informed by scientific findings about potential outcomes (social, economic, and environmental), so that alternatives may be accepted or rejected on their merits (AR/TU 2002) .
Social science principles and practices have long been used to encourage societal change in the areas of public health and safety, but their use to encourage beneficial change in the health of the ecosystem has been slow to take hold. However, if fundamental social and psychological principles such as these decision shortcuts are understood and factored into the design of public information efforts and decisionmaking, they may hold substantial potential to influence social change concerning dams and rivers, such that "win-win-win" outcomes may be achieved that benefit not only the ecosystem but also dam owners and the local community.
We look briefly at the changing socioeconomic context in which public decisions around dams and rivers are being made, explore the use of social science concepts and principles to improve such decisions, and discuss potential roles of scientists in public decisionmaking that affects the sustainability of ecosystems. The use of concepts and principles discussed here is not limited to decisions about dams and rivers; they could be helpful in any decisionmaking that could lead to improved ecosystem health or other public benefits.
What's the big deal about small dam removal?
A number of social, economic, and environmental factors are converging in a manner that is raising public awareness of dams and their impacts on rivers and streams. A brief discussion of some of these factors provides a societal context for decisions about dams and rivers.
Societal values (and associated economic values) regarding dams and rivers have changed over time. Changing societal needs and technological changes over the past century, for example, have left many dams, especially smaller structures, no longer useful for their original purpose and in need of extensive and potentially costly repairs. Estimates of the total number of dams in the United States range from 76,000 (NID 2001 ) to 2.5 million (Johnston 1992) ; one reason for this disparity is that many smaller dams are not included in national databases or even in some state databases. The American Society of Civil Engineers recently rated the safety of America's dam infrastructure with a grade of "D," citing 61 reported failures over the past two years (ASCE 2001) . Many smaller dams, built over 100 years ago and no longer used for their original purpose, such as grist milling or raising water levels to float logs to timber mills, have deteriorated to the point that they pose public safety hazards, which has led states to order repairs or removal to alleviate the hazard.
Dams have a finite life expectancy, often stated to be on the order of 50 years (FEMA 1999 , ASDSO 2001 , and even many of those built more recently than the old grist mills have reached or are approaching the end of their useful lives, although repairs can maintain a structure for longer periods. But costs to repair or rebuild a deteriorating small dam are typically high-from hundreds of thousands to even millions of dollars in some cases (Born et al. 1998 , AR/FE/TU 1999 , TU 2001 . The high cost of maintaining old dams, especially obsolete ones, is forcing dam owners (often municipalities) to look for solutions.
As small dams have become less critical to the US infrastructure and the financial costs of maintaining them have become greater, society's understanding and appreciation of the values of healthy waters in general have grown. The growth of water-based outdoor recreation, for example, coincided with water quality improvements after passage of the Clean Water Act in 1972; annually, more than 35 million people fish (Fedler 2000) and 25 million canoe or kayak (ACA 2000) . Scientists in recent decades have enabled greater understanding of the vital role of naturally functioning river systems in the context of ecosystem health and sustainability; resource agencies have even reorganized by watershed boundaries rather than by political boundaries.
Experience and some research show that selective removal of small dams is one method for river ecosystem restoration that can be in the public interest. Documented public benefits of selective dam removal include cost-effective water quality improvements; cost-effective and permanent removal of a public safety hazard; cost-effective restoration of fish and wildlife habitat for endangered species or sport fisheries (or both); recreational improvements; aesthetic enhancement, such as restoration of waterfalls or riffles; and opportunities for community economic revitalization and associated quality-of-life enhancements (AR/FE/TU 1999 , TU 2001 .
It is within this changing socioeconomic context that more and more local communities are facing decisions concerning their dams. The difficulty of deciding may in part be a reflection of these changing "bigger picture" factors running up against local communities with strong attachments to their dam and its impoundment and a strong preference for the status quo. In some cases, removal of the dam, even an obsolete structure, is not even considered to be an option.
More and more small dams are being removed nonetheless, primarily to relieve the economic burden of deteriorating structures and to eliminate public safety hazards, but also to meet concerns about the environment and conservation, especially to improve water quality or restore native or sport fisheries (AR/FE/TU 1999) . Many deliberations about small dam repair or removal still result in a decision to repair old and sometimes obsolete structures. In some cases, economic, historical, environmental, or other factors may warrant repairing a dam. But in many cases, such decisions to keep the structure are made at great expense to the river when the water quality and fisheries continue to degrade; to the dam owners, who are often the taxpayers of the local community; and to local businesses, which might have capitalized on opportunities for economic revitalization with a restored river, especially in urban or downtown settings. Furthermore, the opportunity for restoration of that stretch of water and habitat in a larger ecosystem context may be lost for decades, perhaps even a lifetime.
The issue of dams continues to be pushed higher on the public agenda. In recent years, some elected officials have been attempting to bring dam-related laws into the 21st century; several states (e.g., Pennsylvania, Wisconsin, California) have changed or have attempted to change legislation and policies governing dams and their host rivers in recent years. With dams increasingly in the news, every dam removed for purposes of river system restoration has the potential to make the next one easier or more difficult.
Removing dams is not a new idea; more than 500 dams have been removed in the last century (AR/FE/TU 1999 , AR 2001 . Nonetheless, it is a new idea to many community members who face a decision about the future of their dam. If river ecosystem restoration is a goal, and selective dam removal is a potential method to achieve that goal, experience suggests that an effective strategy would be to first increase public support for dam removal as a viable tool for river restorationin short, to influence social change concerning dams and rivers. An efficient approach to social change is necessary to reduce strife in local communities, to avoid unnecessary and expensive financial obligations to dam owners and taxpayers, and to reduce the number of lost opportunities for ecosystem restoration.
Drawing on the social sciences to effect changes in human behavior
The social science literature recognizes important differences between activities that result in increased awareness and understanding and those that result in behavior change. Most public information efforts that are designed to foster change inform to some extent, but seldom are they successful in effecting desired behavior change (Andreasen 1995 , Rogers 1995 , McKenzie-Mohr and Smith 1999 . Not surprisingly, programs thoughtfully and strategically designed to achieve behavior change are more likely to result in actual behavior change.
Following is an overview of some social psychology principles and practices that could be pertinent to efforts to effect changes in human behavior regarding sustainable ecosystems, especially relative to dams and rivers. We look at how people tend to make decisions when uncertainty is high, how new ideas often spread through communities, and techniques for encouraging acceptance of new ideas at the individual and community levels.
Shortcuts for decisionmaking. Psychologists have long
known that when people are asked to make a decision but do not have the desire or the ability to analyze information carefully, they are likely to fall back on psychological "shortcuts." When these shortcuts are used, the decision to comply or not comply with a request is made on the basis of a single piece of information, such as agreeing if they know their friends or colleagues agree. Cialdini (2001) identifies a number of such triggers for compliance with a request, a few of which we think are especially pertinent to decisions regarding dams and rivers. As is the case with stereotypes, over time an individual judges decision shortcuts to be timesaving and reliable, and he or she is usually unaware of using them.
Social norms as a psychological shortcut. Although researchers have varying definitions of social norms, the term generally refers to what is most often done or approved of in society at large or in a particular setting, such as a local community. In short, people tend to do what others like them are doing. Cialdini (2001) notes that people especially look to see what others are doing when two factors are present: when uncertainty is high and when others exhibiting the behavior are similar to oneself or well liked.
Few programs designed to foster sustainable behavior have taken into consideration the powerful effects of social norms (McKenzie-Mohr and Smith 1999) . In many small communities, current social norms concerning dams and rivers appear to support the status quo (that is, keeping the dam) and often preclude the consideration of removal as an alternative. If social norms could be changed to be supportive of healthy and naturally functioning river systems, the alternative of selective dam removal would more likely be considered and then accepted or rejected on its merits.
A practical way to encourage the acceptance of social norms that support dam removal as an alternative, for example, would be to pay close attention to "messengers." If the aim is to have the support of local business leaders in community A, one approach would be to invite a business leader from a similar community where a river was successfully restored through selective dam removal (community B) to speak to the business leaders of community A. Better yet would be to arrange for community A business leaders to take a field trip to community B to talk with leaders and see the restoration for themselves. This alone would be unlikely to change social norms among the business leaders of community A, but it could be a key component of a successful public information program.
Commitment and consistency as a psychological shortcut. Securing a commitment from someone to do something can be a powerful technique for behavioral change. Written commitment is a stronger motivator than oral commitment, but both can and have resulted in desired behavior change (Katzev and Wang 1994 , McKenzie-Mohr and Smith 1999 , Cialdini 2001 .
Consistency is closely tied to commitment. Psychologists have recognized for more than 50 years that the desire to be (or to be seen as) consistent is a central motivator of behavior and, therefore, is also a potent component of efforts to influence behavior change (Cialdini 2001) .
With the so-called foot-in-the-door technique (Freedman and Fraser 1966) commonly used in sales, commitment to comply with an initial small request leads to a greater likelihood of compliance with a larger request. This marketing technique has also proven effective in energy conservation efforts: Citizens who complied with a request to complete a written survey had a higher rate of compliance when later asked to reduce energy consumption at home (Katzev and Wang 1994) . One reason for this greater compliance is that once a person has committed to do something, his or her support for that activity is internalized and therefore becomes even stronger (Cialdini 2001) .
Currently, commitment and consistency principles appear to be working against considering dam removal as an option, but they could be used to encourage support of dam removal as an alternative. Finding common ground is important in divisive situations like dam repair or removal decisions. Decisionmakers, business leaders, and other concerned citizens, if asked, are all likely to agree that having a healthy river running through their community is desirable. After agreeing that a healthy river is good, commitment and consistency theories suggest that these same individuals would be more likely to later agree to consider options that could result in a healthier river, such as potentially removing the dam. Again, this exercise alone would not change social norms or ensure compliance with later requests, but it could play an important role in a successful effort to influence change toward support for sustainable ecosystem practices.
How new ideas are spread: Diffusion of innovations.
In fields that have a long history of scientific outreach, such as agriculture, researchers and practitioners have spent much more time than in other fields learning how to influence the potential for adoption, and rate of adoption, of effective resource management practices, and there is a much greater acknowledgment of the role of social systems (e.g., communities) in decisionmaking. Diffusion is the spread of ideas through social systems; diffusion of innovations is the diffusion of ideas that are new, or new to the target audience (Rogers 1995) . Diffusion theory grew out of rural sociology in the 1940s and has since been at the core of many university extension efforts to effect social change in agriculture, as well as behavioral change in human health and safety.
One of the most valuable contributions of diffusion research has been the identification of the different roles of individuals in encouraging adoption of new ideas. The first adopters of new ideas, so-called innovators, are typically too far ahead of the rest of the community to be helpful in encouraging change among many others. Rogers's "early adopters," however, are an integral part of the social community and are the people many others look to before using or accepting a new idea (for example, elected officials, leaders in the business community, or community elders). Early adopters help set social norms for the community. Therefore, targeting information and change efforts first to community members who have been identified (through formal or informal surveys, perhaps) as early adopters, rather than to the entire community, is an efficient method for facilitating the diffusion of information that is supportive of healthy rivers and ecosystems, because targeting saves money and speeds the process.
Social change: Techniques for changing human behaviors. Following are social science principles and concepts that hold significant potential to help change behaviors at the individual and community levels to support alternatives that could improve ecosystem health.
Social marketing. Social marketing applies marketing principles and practices to address social problems through behavioral change. It involves the marketing of a product, service, or idea where the benefit accrues not to the "seller" but to the targeted individual or society (Andreasen 1995) . In social marketing, the basic means of achieving improved social welfare is to effect a change in behavior. It is much more outcome-based than many current public information and education efforts, where goals are simply to increase awareness and understanding.
Social marketing can be extremely efficient at influencing change. The individuals whose behavior one desires to change-those who have control over the outcome-are the ones who will play the primary role in the social marketing process. Unlike many other change efforts, all actions in social marketing are based on a thorough understanding of the needs, wants, and perceptions of that target audience. Social marketing begins by understanding real and perceived barriers to the desired change and then strategically delivers to key target audiences programs designed to address these concerns and to influence change (Andreasen 1995) .
Social marketing practices have typically focused on individuals as the ultimate target for behavior changes such as stopping smoking, adopting certain health practices, recycling, or conserving energy, thus effectively bringing about social change, one person at a time. Social marketing practices could also hold great promise for influencing change in decisionmakers and early adopters, the opinion leaders in local communities, toward support of sustainable ecosystems.
Community-based social marketing. Community-based social marketing (CBSM) is an emerging field that is also based on psychological principles. An important distinction, however, is that CBSM makes the larger community the focus of attention, rather than individuals. It is therefore an even more efficient method for effecting social change in some cases (McKenzie-Mohr 2000) .
At the heart of community-based social marketing is the identification of barriers to adopting the desired behaviors. CBSM encourages practitioners to ask three basic questions:
What is the potential impact of the behavior? What barriers exist, real and perceived, to engaging in the desired activities? And do the resources exist to overcome identified barriers (McKenzie-Mohr 2000)?
McKenzie-Mohr's questions are used below as a framework for suggesting topics of scientific research that would be useful for informing decisionmakers (and those who influence decisionmakers) and influencing social change toward more ecologically sustainable practices.
What is the potential impact of the behavior (i.e., removing the dam in my community)? Community questions about what will happen after dam removal are wide ranging; they are societal, economic, environmental, technical, and legal in nature and would benefit from research by both natural and social scientists. The following questions, which are representative of those frequently asked by members of a community facing dam repair and removal decisions, indicate a lack of understanding of both dams and natural river systems. Will the stream dry up if the dam is removed? Will we be stuck forever with stinking mudflats? Will flooding increase without the dam (even when the dam is not a flood control structure)? Who will own the new land? Doesn't this dam have historical value? Won't the best fishing spots be lost? Won't dam removal introduce exotic or diseased species? And perhaps the most common and complex question of all is, How will keeping the dam affect my pocketbook? Our community's pocketbook? (RAW/TU 2000) .
Although some of these questions may appear simple, there are no simple answers to them. The need for interdisciplinary and multidisciplinary collaboration to provide answers, or at least reasonable expectations, is evident by looking more closely at just the last question, about the economic impacts of keeping a dam or removing a dam (see box 1).
While natural science research is needed to answer many questions about potential outcomes, there is a clear need for social science research to better understand the human dimensions of dam removal.
What barriers exist, real and perceived, to engaging in the desired behavior? Identifying potential barriers calls for social science research. Experience with multiple small dam repair or removal situations suggests that barriers include lack of understanding of the values of a healthy river and how the dam may be harming the river and river life, concern about property values adjacent to the impoundment, misinformation about costs of repair and of removal, and aesthetic concerns about what the former impoundment will look like after drawdown and dam removal. These concerns represent potential barriers that could be surmounted through dissemination of scientific research findings that address the topics identified in McKenzie-Mohr's first question.
Experience repeatedly shows that other, less obvious barriers to accepting dam removal as an option also often exist; such barriers include a profound sense of loss and a sense of fear or helplessness, especially if the impetus for removal is coming from outside the community. McKenzie-Mohr (2000) and Hudson (2001) caution, however, that program planners working to effect change often mistakenly think they know what these barriers are and act accordingly, even though the perceived barriers may not reflect the actual barriers.
Social science researchers can conduct empirical research in this area and provide valuable insight into the real and perceived barriers that dissuade local community members from embracing dam removal as an alternative.
Do the resources exist to overcome identified barriers? Scientific information is needed about the resources and about the people involved, or potentially involved, in dam re- 
Role of scientists in decisions regarding dams and rivers
Typically, ecologists and other scientists conducting research on sustainable ecosystems focus on developing scientific principles of natural systems and practical management methods, understanding cause-and-effect relationships, and assessing environmental outcomes. Unfortunately, much of the resulting scientific information is seldom or never seen or used beyond the academic community (Doppelt 1993 , Aumen and Havens 1997 , Firth 1998 , Lubchenco 1998 .
In the case of dam removal, the problem thus far has been not so much a lack of dissemination or interpretation of scientific findings as a lack of usable scientific research findings. Although the scientific community has recognized the effects of dams on rivers for decades (Baxter 1977 , Graf 1980 , Petts 1980 , Williams and Wolman 1984 , only a handful of peerreviewed research papers have been published on the effects of dam removals (Shuman 1995 , Kanehl et al. 1997 , Born et al. 1998 , Bednarek 2001 , Stanley et al. 2002 . Only Stanley and colleagues (2002) and Kanehl and colleagues (1997) analyzed actual ecological data, and only Born and colleagues (1998) analyzed sociological data following dam removals.
As aging dams and their impacts on rivers continue to be pushed higher on the public agenda, scientists have the potential to influence whether society responds to this emerging issue as a problem or as an opportunity. Researchers today are playing a crucial role by increasingly providing data and analysis on what happens after a dam is removed. But if the goal is to have dam removal and river restoration (or other practices that lead to sustainable ecosystem health) accepted as a viable option, simply providing information may not be enough. Many citizens presume that publicly funded research will be used to benefit society, for example, to develop technology for public use and benefit. Increasingly, they also expect publicly funded research to inform public management and policy decisions-not to determine the outcome but to help understand the consequences of potential outcomesin a manner that will benefit society (Aumen and Havens 1997 , Lubchenco 1998 , Norton 1998 , Bjorkland and Pringle 2001 , Hudson 2001 . In Wisconsin, for example, there is a long history of interaction between university researchers and decisionmakers for the purpose of informing public policy. The "Wisconsin Idea" is well known in that state, where, historically, such interactions are strongly encouraged and facilitated (University of Wisconsin-Extension 1981) .
Human behavioral change is central to the notion of ecological sustainability, and high levels of public support for such sustainability-which are not currently present-will be needed (Orr 1992 , McKenzie-Mohr 2000 , Bjorkland and Pringle 2001 . Ecologists and other scientists who want their research to result in healthier ecosystems hope for change. Such change will require elected officials and other decisionmakers, including resource agency personnel, industry representatives, and private citizens, to step outside their comfort zone to accept new ideas. Scientists who want to help facilitate social change to benefit ecosystem health may need to stretch the boundaries of their own comfort zones as well.
We are not suggesting by any means that all scientists forgo conducting "pure" research. Objective information is critical to the credibility of public education efforts regarding natural resource issues, especially controversial ones (Johnson and Jacobs 1994) . We are suggesting, however, that some scientists consider using their knowledge to address practical management challenges and to inform public policy on dams and rivers by ensuring that their scientific findings are interpreted and disseminated beyond the academic community (see figure 1) . We hope that yet others will offer their technical expertise directly to resource agencies and change agents, such as university extension and resource agency personnel, as well as to conservation organizations and dam owners themselves. It is possible to inform without advocating (Blockstein 2002) .
Scientists who believe that science should inform public management and policy decisions, and who agree that societal change toward more sustainable ecosystem practices is necessary, are the best candidates for successfully moving from conducting pure research to actively promoting their findings.
Conclusion
Significant changes in human behavior are required to achieve sustainable ecosystem practices. A key component in achieving desired ecological outcomes will be to improve the process of decisionmaking so that alternatives that could improve ecosystem health, such as selective dam removal, are considered and accepted or rejected on their own merits. Scientists, especially social scientists, can play important roles in enabling such social change by conducting applied research and working to interpret and disseminate findings to decisionmakers.
